In the Mediterranean area, water scarcity represents a critical issue due to the increasing water demand related to the population growth and the expansion of urban and industrialized areas.
INTRODUCTION
Commonly, RWH systems include three principal components: the catchment area, the collection device and the conveyance system. The catchment area usually consists of rooftops, courtyards or other compacted or treated surfaces.
Once rainwater has been intercepted, it can be filtered or subjected to other simple treatments (such as chlorination), then collected in storage tanks to be used. The advantages of RWH systems are numerous:
• depending on the site where they are installed, the rainfall pattern, the used technologies etc., they could require relatively inexpensive technologies that are easy to install and maintain; indeed, RWH systems can be expanded, reconfigured or relocated according to the householders' needs (Worm & van Hattum );
• RWH has significant economic benefits, reducing the amount of water purchased from public systems (Matos et al. ); • the availability of an alternative water supply reduces pressure on aquifers and surface waters, providing important environmental benefits (Farreny et al. ) .
Therefore, the integration of RWH systems into residential buildings is an effective way to minimize the use of treated water for non-potable tasks and supply drinking water in places where water is scarce. However, the performance of RWH systems is highly affected by the spatial and temporal distribution of the rainfall in the area of interest. For this reason, RWH by itself is not able to supply water for all domestic uses and make the householders independent from the conventional water supply system. Thus, in order to achieve water self-sufficiency, multiple technologies are needed (Willuweit & O'Sullivan ) .
Nevertheless, the collection and use of rainwater through RWH systems can provide a considerable amount of water and, consequently, significant economic savings to householders. Due to its characteristics, the collected rainwater can be utilized for different non-potable uses, such as toilet flushing, washing machine use and garden irrigation (or any other use that does not require high-quality water).
Some studies pointed out the benefits of using harvested rainwater for toilet flushing (Jones et al. ; Zhang et al.
).
Many factors affect the performance of a RWH system.
In particular the quantity and quality of collected rainwater depends on geographic location, local climate characteristics, presence of anthropic activities in the area and storage tank volume. Thus, the storage capacity of the collecting tank cannot be standardized, but is highly influenced not only by the above-mentioned factors, but also by the characteristics of the catchment surface and the number of householders. Nevertheless an optimal size can be identified on the basis of the system reliability or economic criteria (Liaw & Tsai ) . Fewkes () carried out some analysis on residential rainwater tanks in the UK, producing a series of dimensionless design curves which allows the estimation of the rainwater tank size required to obtain a desired performance given the roof area and water demand patterns. Khastagir & Jayasuriya () defined a relationship for optimal sizing of rainwater tanks considering the annual rainfall, the water demand, the catchment area and the desired supply reliability valid for In the present study, the reliability of a RWH system for a single-family house in a residential area with four inhabitants has been assessed, considering three different uses of rainwater: toilet flushing, garden irrigation and these two concurrent uses. The system performance has been tested for different catchment surfaces, tank sizes and mean annual precipitation using data from over 100 different sites in Sicily. In order to define a temporal pattern for flushing water demand, water consumption data from single- 
CASE OF STUDY AND DATASET
In the present study rainfall volumes were calculated using the daily rainfall series recorded from 111 rain gauges over Table 1 summarizes the total mean monthly rainfall, the mean daily rainfall and the 
METHODS Inflow to the RWH tank
The modelled rainwater tank is filled exclusively using rainfall volumes collected from a building's rooftop, courtyard and pedestrian areas. Under the hypothesis of constant rainfall within each time step t, the rainwater volume can be evaluated using the following expression:
where W t is the inflow volume supplied to the tank at time step t (m 3 ), φ is the runoff coefficient depending on water loss (dimensionless), R t is the rainfall at time t (m), A TOT is the total catchment surface area (m 2 ), and A is the effective impervious surface area (m 2 ). In the analysed RWH layout, the tank is installed underground, thus the evaporation losses from the tank can be neglected. In this analysis, φ was set equal to 0.9 (Wisner & P'ng ).
Water demand for toilet flushing
The evaluation of the average number of daily flushes per capita could be considered satisfactory to accurately model daily water demand for toilet flushing; nevertheless, these observations may not be universally applicable to all RWH systems. Thus, a precise modelling of water demand patterns for toilet flushing is required.
In this study, the toilet flushing demand pattern was Nevertheless, in this case, the simulation of the water balance of the RWH system would have required precipitation data at a sub-daily scale that are not available for all the rain gauges considered in this study. Moreover, this study focused on the performance of the RWH system in terms of average annual water saving efficiency.
Water demand for garden irrigation
The frequency of irrigation depends on many factors, such as the type of grass to be irrigated, the soil properties and the climatic conditions in the area of interest. In order to define the water demand for garden irrigation, it was assumed that the garden area (200 m 2 ) of the modelled single-family house was planted with turfgrass. Therefore, the mean monthly reference evapotranspiration (RE) value was evaluated for the area of study using the Thornthwaite formula (Thornthwaite ). Water use for turfgrasses was estimated using a correlation factor, the crop coefficient K c , as follows:
where AE is the actual evapotranspiration in mm/day. Turf- Optimum irrigation frequency depends on the geographic location, the plant species, the soil type and the climatic conditions. In this study, the frequency of irrigation was defined based on practical considerations and previous Marchione ). The need for further specific information to define the optimal irrigation frequency for turfgrass required some assumptions to be made in this study.
Namely, it was assumed that the garden was planted with
Zoysia Japonica Compadre, a turfgrass more resistant to warm climates than other species. It was also assumed that the garden was only irrigated every 3 days during April, May and September, and on alternate days from June to August. The potential and actual daily evapotranspiration and the irrigation frequency for each month are reported in Table 3 .
Water balance simulation
The performance and design of RWH systems can been investigated using different approaches, including water balance simulation analyses and mass curve analyses (Ghisi 
where W Dt (m 3 ) is the volume discharged as overflow from the storage tank at time step t, V t (m 3 ) is the volume stored at time step t, Y t (m 3 ) is the yield of rainwater from the storage tank at time step t, D t (m 3 ) is the toilet and grass irrigation water demand at time step t, and S (m 3 ) is the tank storage capacity.
Generally, the performance of RWH systems is described in terms of reliability, expressed as the total actual rainwater supply over water demand E T :
where T is the total time period under consideration. E T represents the overall water savings that can be achieved by harvesting and using rainwater.
RESULTS AND DISCUSSION
Evaluation of water saving efficiency at daily scale considered. Simulations were conducted on a daily scale, in order to take into account the effect of extreme rainfall of 24 hours duration and droughts on the system performance.
For each value of the tank capacity in the range 1-30 m 3 , the average daily value of E T related to the entire analyzed period has been calculated. The box-whisker graphs in Figure 2 Subsequently, the tank capacities for which three different thresholds of E T could be reached, specifically 75, 85 and 95%, have been identified. Maps in Figure 3 show the spatial distribution of E T when rainwater is used for toilet flushing.
For A ¼ 100 m 2 , the system is not able to provide a mean annual E T equal to 75% in most of the region (Figure 3(a) ).
In some northern coastal areas this threshold can be reached with a capacity ranging from 2 to 8 m 3 , nevertheless in the remaining part of the island, higher capacities are required.
The system provides mean annual E T equal to 85 and 95%
only in a limited area in the northwestern part of the island In this analysis, a behavioral model was applied in order to investigate the performance of an RWH system in terms of its reliability. Water demand for toilet flushing and In this analysis some assumptions have been made in order to estimate water demand for garden irrigation.
Further developments of this study could include a more accurate estimation of this demand, in terms of temporal pattern and water amount, for example by means of a water balance model.
It has to be remarked that the analysis here proposed is not intended to be exhaustive. Indeed, before installing an RWH system, a cost-benefit analysis needs to be carried out, in order to verify if the achievement of a certain threshold of reliability is not too costly and, therefore, economically disadvantageous. This study can be considered as a preliminary analysis to identify in which areas the installation of an RWH system could provide benefits in terms of water saving efficiency and at which level.
In summary, the study showed that in some areas of Sicily RWH systems, integrated with conventional water supply systems, can provide significant water savings. For this reason, incentives and government support should be promoted in order to encourage householders to install RWH water systems in residential urban areas.
